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Abstract
Background Microorganisms have been used to decom-
pose cellulolytic waste in agriculture for the past many
years. However, much of the cellulosic waste including
coffee exocarps which are wastes from raw coffee process
in Vietnam is often disposed of by biomass burning and
discharged into the environment in developing countries,
thus causing considerable environmental pollution.
Besides, these organic wastes decompose slowly when they
are used to produce compost in ordinary conditions.
Therefore, using microorganisms to manufacture natural
compost from coffee exocarps is considered a useful and
environmentally sound alternative.
Results In the course of screening for cellulose-degrading
bacteria and actinomycetes, 38 bacterial strains and 18
actinomycetes strains were isolated from 15 coffee exocarp
samples in coffee-producing areas in Vietnam. The isolates
grew with cellulose as the sole sources of carbon and
energy. The results of cellulolytic activity determinations
were that 13 bacteria ([34 %) and 10 actinomycetes
([56 %) showed enzymatic degradation of cellulose. The
isolated strains were identified as belonging to members of
the Genus Streptomyces, Actinomycetes, Clostridium and
Bacillus. Cellulose-degrading ability of the isolated
microorganism strains was mostly 96 % with filter paper;
however, for coffee exocarps, it was considerably lower,
only about 37 % of the cellulose was digested after 30 days
of incubation to coffee exocarps. A medium containing rice
husk powder and lactose with pH 7.0 positively affected
the cellulolytic activity of A1 and A9 strains. Cellulolytic
activity of B4 and B7 strains was also most appropriate
when the medium contained peptone, CMC, and with a pH
7.0. Optimal temperature for actinomycetes and bacteria
isolate strains was at 25–35 C.
Conclusion We concluded that the cellulolytic bacteria
and actinomycete could be isolated from coffee exocarps
which are normally discharged into the environment in
coffee-producing areas. These microorganisms could be
used to decompose cellulosic wastes, making compost
from coffee exocarps, which could be applied in agriculture
in Vietnam and other developing countries.
Keywords Actinomycetes  Bacteria  Cellulose-
degrading  Cellulolytic  Cellulose  Coffee exocarp 
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Introduction
The use of microorganisms as catalysts in the biodegra-
dation of organic compounds (cellulose, lignin cellulose) in
the natural environment has advanced significantly during
the past years (Hesham 2007; Mandels 1975; Opatokun
et al. 2011; Pe’rez et al. 2002; Jyotsna et al. 2010). It has
been found that large numbers of microorganisms co-exist
in almost all natural environments, particularly in soil,
water, gastric juices of herbivores, the gut of the earthworm
and mulberry caterpillar, and the wood wasp, i.e., (Jyotsna
et al. 2010; Anand et al. 2009; Aaron et al. 2011; Atsushi
et al. 2009). In recent years, there has been interest in the
use of microorganisms to degrade cellulose materials. The
search for new and different cellulose-degrading microor-
ganisms has increased, and new species have been isolated
from various natural habitats (Jyotsna et al. 2010; Anand
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et al. 2009; Aaron et al. 2011; Alexandre et al. 2008;
Atsushi et al. 2009; Sirisena and Manamendra 1995; He-
sham 2007; Khwaja et al. 2012). However, no example of
cellulolytic activity of coffee exocarp bacteria and actino-
mycetes has been reported.
Coffee is one of the popular drinks in the world (Hilten
2002). According to estimates, the amount of cultivate
worldwide area is nearly 10.3 million hectares, in which
Brazil, Vietnam, Columbia, Indonesia, and Ethiopia are the
most important producers (Pohlan and Janssens 2012).
Vietnam is presently the biggest Robusta coffee producer;
for Arabica, Brazil is leader of the world market as it is the
biggest producer (Enden and Calvert 2002). In the process
of producing coffee, the coffee cherries are dried imme-
diately and later they are harvested through sun drying,
solar drying or artificial drying. After being dried and
picking of coffee cherries, the cherries are hulled. In this
process, the dried outer layer of the cherry, known as the
pericarp or exocarp (Fig. 1), is removed mechanically
(Enden and Calvert 2002). Countries in the world have
used coffee exocarps to produce feed for poultry, growing
mushrooms, producing fertilizer, natural fragrance pro-
duction, and various other products. However, a large
amount of coffee exocarps discharged into environment or
burnt every year, thus causing considerable environmental
pollution and waste in Vietnam. Besides, coffee exocarps
in normal conditions are very hard to degrade without the
participation of microorganisms. The main objective of this
study is to collect bacteria, including actinomycetes from
coffee exocarps which were collected from coffee-pro-
ducing areas in Vietnam after it was discharged into the
environment following the production process, and testing
cellulolytic activities of all isolates.
Materials and methods
Sample collection
Fifteen coffee exocarp samples were collected from four
coffee-producing areas in Vietnam, each containing 40 g of
coffee exocarps. These samples collected from different
places in the same area of production. The samples were
collected in sterile boxes and transferred to the laboratory
for bacterial isolation.
Experimental setup
The mineral salt medium (MM) used for enrichment and
growth was modified from the one used by Fortnagel and
coworkers (1990), and comprised (per liter): 3.5 g of
Na2HPO4.2H2O, 1.0 g of KH2PO4, 0.5 g of (NH4)2SO4;
0.1 g of MgCl2.6H2O, 50 mg of Ca(NO3)2.4H2O, 1 mL of
vitamin B12, and 1 mL of trace salt solution. The final pH
of the medium was 7.2. The trace salt solution contained
0.01 g MoO3, 0.07 g of ZnSO4.5H2O, 0.005 g of
CuSO4.5H2O, 0.01 g of H3BO3, 0.01 g of MnSO4.5H2O,
0.01 g of CoCl2.6H2O, and 0.01 g of NiSO4.7H2O in
100 mL of water. For enrichment and growth, a mineral
salt medium which has been previously described was used
with filter paper (Whatman No. 1 filter paper of area
70.541 cm2) as the substrate. With coffee exocarp samples
from areas of coffee production in Vietnam, enrichment
culture was started by mixing 10 g of the samples to
100 mL of distilled water and shaking for 1 h on a rotary
shaker at 250 rpm to disperse the samples. Following this,
100 mL of samples was mixed with 200 mL of a mineral
salt medium supplemented with filter paper as the sole
source of carbon and energy, and incubated aerobically at
30 C on a rotary shaker at 150 rpm (Fortnagel et al. 1990).
Aliquots were transferred weekly from the culture to fresh
medium. Subcultures were streaked onto nutrient medium,
and incubated aerobically at 30 C. After incubation at
30 C, single colonies were transferred onto mineral salt
agar mediums containing the above carbon source. Well-
grown pure colonies were picked up and transferred on to
mineral salt agar medium, and were stored at 4 C until
used for next experiments.
Microbial strains that appeared to have cellulose-
degrading capacity were selected and isolated. The cellu-
lose agar media which were used for bacterial isolation
comprise (per liter): 0.5 g of KH2PO4, 0.25 g of MgSO4,
2.0 g of cellulose, 15 g of agar, 2 g of gelatin, and pH
6.8–7.2 (Pratima et al. 2011). The solid medium, which
contained cellulose as a sole source of carbon, carried out
for actinomycetes and bacteria. Bacterial isolation com-
prises 10 g of CMC, 2.5 g of (NH4)2SO4, 0.5 g of yeast
extract, 2.7 g of KH2PO4, 5.3 g of Na2HPO4, 0.2 g of
NaCl, 0.2 g of MgSO4.7H2O, 0.05 g of CaCl2, and initial
pH 7.2–7.4 (Crawford 1983).
Cellulolytic activity was examined by Congo-Red
method which has been previously described, and was used
for the screening of cellulolytic bacterial and actinomy-
cetes strains (Pratima et al. 2011). To estimate concentra-
tion of cellulose degradation by isolated bacteria and
actinomycetes, we used the gravimetric determination
method of cellulose digestion. The isolated bacterial and
actinomycetes strains were grown in the above mineral salt
medium with filter paper as the sole source of carbon and
energy (Crawford 1983; Pratima et al. 2011). The pH was
adjusted to 7.0. The flasks were inoculated with an abun-
dant cell mass from stock cultures. The cultures were
incubated at 150 rpm on rotary shaker at 30 C for 4 days
in 50 mL Erlenmeyer flasks with 10 % of medium in each
flask, and a flask without cell mass was used as controls.
Cellulose degradation was calculated by comparing the
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weight loss of the inoculated flasks with that of the control
flasks (flask without cell mass) after both samples were
dried to a constant weight. The difference between the
inoculated flasks and the control flasks was used to esti-
mate the degree of degradation which was expressed as a
percentage of the latter.
The identification of the strains has been carried out by
standard biological and biochemical characteristics as
described in Dhanajayan et al. (2010), Acharya et al.
(2012), Becker et al. (1964), Brenner et al. (2005), and
Reddy et al. (2011).
Determination of the effect of various culturing condi-
tions on cellulolytic activity of isolated actinomycetes and
bacterial strains was carried out. For the effect of carbon
sources, the isolates were cultured in different carbon
sources, such as rice husk powder, glucose, CMC, bagasse
powder, and corncob powder. Similarly, to study the effect
of nitrogen source, the isolates were cultured on various
nitrogen compounds, such as (NH4)2SO4, NH4NO3,
NaNO3, peptone, and urea. For determination of the pH
effect of cellulolytic activity on the isolates, experiments
were carried out as described above, using different pH
values (3.0, 3.5, 4.0, 4.5, 5.0, and 5.5). The temperature
used for this study was 20, 25, 30, 35, 40, and 45 C.
Finally, the effect of incubation period on cellulose activity
was also studied. The incubation period was 2, 3, 4, 5, and
6 days for actinomycetes strains, and 24, 36, 48, 60, and
72 h for bacterial strains.
Statistical analysis
Statistical analyses performed by Student’s t test, one-way
ANOVA test and data were expressed as the aver-
ages ± standard deviation (SD). The averages and SD of










Fig. 1 Schematic representation of cross-section of a coffee cherry
(Kuit et al. 2004; Castro and Marraccini 2006)
Fig. 2 Cellulolytic activity of isolated strains B4, B6, B7, A1, A7, and A10. Zone of clearance on cellulose Congo Re dagarplates for isolate
strains after 48 h of incubation. The formation of clearing zone around the colonies confirms the secretion of extracellular cellulase
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Excel 2007 (Vista Edition, Microsoft Corporation, USA).
Differences were considered to be statistically significant
when P \ 0.05, P \ 0.01, and P \ 0.001. All data were
analyzed using the R language on the Windows XP plat-
form (R Development Core Team 2008).
Results and discussion
In this screening, Congo-Red method was used for
screening of bacteria and actinomycetes with cellulolytic
activities. Colonies showing discoloration of Congo-Red
were taken as positive cellulose-degrading bacterial and
actinomycetes colonies. Cellulose degradation potential of
isolated bacterial and actinomycetes strains was also
qualitatively estimated with the ratio of diameter of
clearing zone and colony. The simplicity of this assay
makes it useful for screening the cellulolytic capacity of
large numbers of these microorganisms. A total of bacterial
isolates including actinomycetes isolates were found to be
positive on screening media (cellulose Congo-Redagar)
producing clear zone (as shown in Fig. 2). Results from
cellulolytic activity indicated that out of 38 bacteria and 18
actinomycetes isolated from 15 coffee exocarp samples
tested, 13 bacterial strains ([34 %) and 10 actinomycetes
strains ([56 %) showed enzymatic degradation of cellulose
(Table 1). From the results in Table 1, we found that
actinomycetes are more abundant than bacteria. However,
cellulolytic activity by actinomycetes was much lower than
the isolated bacteria.
Also nine isolated bacterial strains and six isolated
actinomycetes strains, which scored negative on the cel-
lulose-degrading test, after tested 10 days of incubation,
digested in that time over 80 and 50 %, respectively, of the
supplied cellulose when grown in shaken flasks, respec-
tively. The submerged cultures allow a faster metabolism,
probably due to better contact of cells with the cellulose
fibers in the liquid medium. It was confirmed using
microscopic examination that the strains B4, B7, and A1,
which digested over 90 and 80 % of the cellulose after
10 days of incubation, respectively, were completely lysed
in that time. By comparison, cellulose-degrading capacity
of the isolated microorganism strains was high ([96 %)
with filter paper; however, for coffee exocarps were lower,
and only about 37 % of the cellulose was digested after
30 days. Cellulose biodegradation of coffee exocarps was
observed with nine bacterial strains and four actinomycetes
strains. These results are in consistent with previous reports
(Godden et al. 1992; Crawford 1983); actinomycetes thus
are important agents of lignocellulose degradation,
although their ability to degrade cellulose and lignin is not
as high as that of fungi. Nonetheless, it is possible to isolate
microorganisms directly from coffee exocarps to aid
biodegradation of coffee exocarps in the areas of coffee
processing.
To identify the isolated strains, we used the technique
and microscopic examination, and biochemical test. Con-
sidering to previously report (Acharya et al. 2012; Dha-
najayan et al. 2010; Reddy et al. 2011), the isolates were
identified as belonging to member of the Genus Strepto-
myces sp., Actinomycetes sp., Clostridium sp., and Bacillus
sp.; whereas A1, A9, B4, and B7 strain were identified as
Steptomyces sp., Bacillus sp., respectively (Table 2). All
the four isolates were found to be Gram positive. The result
is in consistent with previous reports (Tuomela et al. 2000)
Table 1 Screening of bacteria and actinomycetes strains with cel-

















B4 ? ?? ??? 92.1 (0.21) 37.6 (0.20)
B6 ? ? ??? 87.0 (0.05) 31.3 (0.25)
B7 ? ?? ??? 96.2 (0.02) 36.0 (0.36)
B12 ? ?? ??? 83.8 (0.50) 30.9 (0.17)
B13 – ?? ?? NT NT
B15 ? ? ??? 81.2 (0.14) 28.7 (0.20)
B18 ? ? ??? 83.1 (0.30) 30.3 (0.16)
B19 – ? ? 51.6 (0.45) NT
B21 – ? ?? 63.9 (0.35) NT
B24 – – ?? 75.9 (0.45) NT
B25 – – ?? 74.3 (0.21) NT
B28 – ? ?? NT NT
B29 ? ?? ??? NT NT
B31 – ? ??? 80.2 (0.41) 25.6 (0.15)
B32 – ? ??? 81.3 (0.58) 20.9 (0.37)
B38 – ? ??? 87.3 (0.49) 30.5 (0.20)
A1 ? ?? ??? 88.0 (0.72) 27.8 (0.53)
A9 ? ?? ?? 76.6 (0.58) 25.25 (0.15)
A10 – ? ?? 68.9 (0.51) 21.6 (1.00)
A12 – – ? 28.9 (0.14) NT
A13 – ? ?? 51.1 (0.84) NT
A14 – – ? 48.9 (0.02) NT
A15 – – ? 24.4 (0.22) NT
A16 – – ? 45.6 (0.01) NT
A17 – ? ?? 55.5 (0.07) NT
A18 – ? ?? 68.9 (1.35) 20.3 (1.00)
Symbols were mean (-)—negative or present; (?) —weakly posi-
tive; (??)—positive; (???)—strongly positive. Values are mean
(SD). Shown are representative data from three biological replicate.
One-way ANOVA test significance between the isolated strains was
performed (P \ 0.001)
NT not tested
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that actinomycetes and a group of Gram-positive bacteria
decomposed organic substrates in compost, such as pro-
teins and cellulose, and in solubilizing lignin.
As shown in Table 1, the cellulolytic activity of A1, A9,
B4, and B7 strains appeared more predominant than other
isolates when coffee exocarps and filter paper were added.
So, it was decided to use these actinomycetes and bacterial
isolates for further studies. It is generally known that
microorganisms continually sense environmental condi-
tions to adapt their growth and development, and enzymes
synthesis (cellulase, protease) in particular is greatly
influenced by many factors, of which the most important is
culture conditions. We studied some of the environmental
factors influencing cellulolytic activity of the isolated
bacteria and actinomycetes strains.
First, we researched the effect of the various carbon and
nitrogen sources to cellulolytic activity of the four isolates
(A1, A9, B4, and B7 strain). It has been shown that in
favorable environmental conditions, each species of other
microorganisms will use one or more suitable carbon
sources for their growth and enzyme synthesis. As results
show in Fig. 2 that, when the isolates were cultured in
various C and N compounds, this led to an obvious
induction in the cellulolytic activity. Potential C sources
for actinomycetes and bacterial strains (A1, A9, B4 and
B7) were rice husk powder and CMC with the clear-
ing zone in a range of 25.5 ± 0.50–27.5 ± 0.05 mm
(mean ± SD), and 12.5 ± 0.20–13.46 ± 0.25 mm, respec-
tively, whereas potential N source for broth was peptone
(Fig. 3a, b). The present results showed lower cellulolytic
activity with inorganic nitrogen sources which are consis-
tent with previous studies (Acharya and Chaudhary 2012;
Table 2 Biochemical identification of the isolated actinomycetes and
bacterial strains
No. Test A1 A9 B4 B7
1 Gram’s staining ? ? ? ?
2 Indole test – ? – –
3 Methyl red test ? ? ? ?
4 Voges Proskauer test – ? ? ?
5 H2S production test – ? ? ?
6 Catalase test ? ? ? ?
7 Oxidase test – ? ? ?
8 Glucose fermentation test – – ? ?
11 Urea hydrolysis test ? ? ? ?
12 Citrate utilization test ? ? ? –
13 Nitrate reduction test ? ? – –
14 Adonitol test – – ? ?
15 Sorbitol test – – – ND
16 Dextrose test ? ? ND ND
17 Raffinose test – – – –
18 Sucrose test ? ND – –
19 Xylose test – ND – –
20 Lactose test ? ? ? ?
21 Maltose test ? ? – –
20 Mannitol test ? ? – ND
21 Fructose test ? ? – –
22 Inositol test – ND ND –
Symbols were mean (-)—negative or present; (?)—weakly positive;
(??)—positive; (???)—strongly positive; symbols of Gram’s
staining were mean (-)—Gram negative, (?)—Gram positive




























































Fig. 3 Cellulolytic activity of the isolated actinomycetes and bacte-
rial strains affected by C and N sources a The effect of carbon
sources. The actinomycetes and bacterial strains cultured on medium
with various carbon sources before examined in the clear zone. Data
shown are average ± SD of three biological replica. Student’s t test
significance between A1 and A9 strains, or B4 and B7 strains, or
between pairs indicated by brackets was performed (*P \ 0.05;
**P \ 0.01). b The effect of nitrogen compounds on the activation of
enzymes in the biosynthesizing ability of the isolates. Rice husk
powder was used as the carbon source and the isolates cultured in
different N compounds. Clearing zone (mm) was determined after
appropriate incubation time. Data shown are average ± SD of three
biological replica. Student’s t test significance between A1 and A9
strains, or B4 and B7 strains, or between pairs is indicated by brackets
(*P \ 0.05; **P \ 0.01)
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Ray et al. 2007). These data were in accordance with the
previous results (Ray et al. 2007) that organic nitrogen
sources were more suitable for optimizing the cellulase
production by Bacillus subtilis and Bacillus circulans than
inorganic sources. On the contrary, Spiridonov and Wilson
(1998) found that NH4
? compounds were the most favor-
able nitrogen sources for cellulase synthesis (Spiridonov
and Wilson 1998). Study of Acharya and Chaudhary
(2012) also showed that cellulolytic activity by both the
isolates (Bacillus licheniformis MVS1 and Bacillus sp.
MVS3 isolated from Indian Hot Spring) was detected after
60-h incubation period using wheat and rice straw (Ach-
arya and Chaudhary 2012). These results suggest that the
wastes from rice (rice husk, rice straw) may use as an
optimal carbon source for actinomycetes and bacterial
strains.
To determine the optimal incubation period for the
biosynthesis of cellulase, we cultured the isolates on the
rice husk powder and CMC may be used as medium for
actinomycetes and bacteria strains, respectively, whereas
the nitrogen source was peptone. The results showed that
the respective cellulolytic activity of actinomycetes strains
increased gradually at 2–3 days of culture and with a peak
at 3 days of culture in A9 and A4 isolates, namely 24.0 ±
1.00 mm and 24.8 ± 0.53 mm, respectively (Fig. 4a). The
cellulolytic activity then decreased gradually after
4–6 days of culture, only 14.0 ± 0.22–15.3 ± 0.58 mm.
Similarly, for bacteria, the cellulolytic activity also
markedly increased with a peak at 36 h of culture, at
13.5 ± 0.5–15.0 ± 0.15 mm, then reduced to the pro-
longed incubation time (Fig. 4b). It is generally known that
the culture time is prolonged; the growth potential as well
as cellulase biosynthesis of actinomycetes and bacterial
strains was reduced, because culture medium becomes
unfavorable with reduced nutrient sources and accumulated
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Fig. 4 The effect of the different factors on cellulolytic activity of
actinomycetes and bacteria isolated strains. a, b The effect of
incubation time. The isolates cultured on medium containing rice
husk powder and peptone at various incubation times before clearing
zone (mm) was determined. Error bars represent SD of three
biological replica. Student’s t test significance between incubation
time (*P \ 0.05; **P \ 0.01). c The effect of the temperature on
cellulolytic activity of the isolates. Cellulolytic activity of the isolates
at temperature value was measured. Asterisks represent Student’s
t test significance between A1 strain and B4 strain (**P \ 0.01).
d The effect of pH value. Clearing zone (mm) was measured after the
isolates cultured across a range of pH value. Error bars represent SD
of three biological replica. Asterisks represent Student’s t test
significance between A1 strain and B4 strain (**P \ 0.01)
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activity of the isolates. Correlating with previous report, B.
subtilis showed highest zone of hydrolysis as 21 mm in
8 days at optimal cellulose basal medium (Acharya et al.
2012).
Correlating the temperature to research the impact of
temperature on the cellulolytic activity, we examined cul-
turing actinomycetes and bacterial strains in a suitable
medium at a range of temperature values. As shown in
Fig. 3c, the cellulolytic activity of actinomycetes increased
markedly at 20–25 C and elevated to a peak at 30 C after
culture (from 19.5 ± 0.50 to 21.0 ± 1.00 mm), and then
transiently decreased when the temperatures climbed to
40 C (only 6.0 ± 0.02–7.0 ± 0.10 mm). These results
suggest that cellulolytic activity of A1 and A9 actinomy-
cetes was at a temperature of 25–35 C. Correlating to
cellulolytic activity of isolate bacteria, the result also
shown that the potential temperature was at 30–35 C. The
optimum temperature for B4 and B7 is 30 and 35 C with a
clearing zone of 13.4 ± 0.50 and 13.5 ± 0.43 mm,
respectively. With the range of temperature value lower
than 20 C or higher than 40 C, the cellulolytic activity
declined. We compared to previously studies that the cel-
lulolytic activity of B. subtilis was maximum at 50–60 C
(Acharya et al. 2012; Mohagheghi et al. 1986). Apparently
in this study, cellulase activity of B. subtilis was optimum
at 50 C. Actinomycetes RK6 strain showed maximum
activity at 38 C (Kumar et al. 2013). However, in the
present study, the isolates have optimal temperature at
30–35 C, less than that stated by previous researchers.
pH is also one of the most important parameters essential
for the success of activity of synthetic enzyme. Considering
previous reports (Acharya and Chaudhary 2012) to this test,
we cultured and isolated across a range of pH value as
described above. Consistent with expectations, cellulolytic
activity was found to be maximally effective at a pH 7.0
(Fig. 4d), and decreasingly effective at higher pH value.
Streptomyces sp. and Bacillus sp. strains were optimum at
pH 7.0. These data were appropriate with previous reports
that cellulolytic activity of actinomycetes isolated from
Areraj region, Bihar also had pH 7.0 (Kumar et al. 2013).
Besides, there was decreased production of enzymes at
alkaline range of pH (Acharya and Chaudhary 2012). Most
microorganisms grow optimally within a wide pH range.
Immanuel et al. (2006) reported that the cellulolytic enzyme
from Cellulomonas sp., Bacillus sp., and Micrococcus sp.,
isolated from the estuarine coir netting effluents hydrolyzes
substrate in the pH range of 4.0–9.0 (Mohagheghi et al.
1986), with maximum activity at pH 7.0. On the contrary,
Song et al. (1985) observed optimal cellulase production at
pH 9.0 by Clostridium acetobutylium (Immanuel et al. 2006;
Song et al. 1985). It was also known that these bacteria
tolerate higher temperatures and pH than most fungi and can
survive as spores under adverse conditions (Cross 1968).
Conclusions
It was concluded that a large number of microorganisms
can be isolated directly from coffee exocarps in natural
environments to aid biodegradation of coffee exocarps at
coffee-producing areas in Vietnam and can be used for
cellulose biodegradation.
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